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ABSTRACT
A Comparative Study of the Microhabitat Selection of the Scorpion
Centruroides vittatus in the Tamaulipan Biotic Region of South Texas
Fatima Manalastas, B.S. Biology, TAMIU;
Chair of Committee: Dr. Neal McReynolds

Microhabitat selection of the striped-bark scorpion (Scorpiones;
Buthidae), Centruroides vittatus (Say 1821), can be affected by different
factors such as prey availability, risk of predation and environmental factors
such as temperature and humidity. The effects of temperature, humidity,
and microhabitat use on the behavior of these scorpions is the focus of this
comparative study. This research was conducted in three different study
sites in the Tamaulipan Biotic Province in Webb County, Texas. The foraging
behavior, including active versus sit-and-wait methods, by the C. vittatus
among microhabitat classes were compared. Other behaviors including
walking, climbing, and feeding on a captured prey item among the
microhabitat classes and the different size classes were also analyzed.
Comparisons of the microhabitat use at different temperatures and humidity
range were also performed. There was a significant interaction among the
three different study sites, microhabitats, and size classes. For all three
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study sites, the pooled smaller scorpions and the large scorpions were seen
at higher frequencies compared to the intermediate scorpions. Both the
small and intermediate scorpions were seen on vegetation at a higher
frequency. However, the large scorpions were seen on both the ground and
vegetation at similar frequencies. Use of the different microhabitats by the
different size classes was also significantly different. Small scorpions were
found at a higher frequency on herbs, shrubs and grasses compared to the
intermediate and large scorpions. Large scorpions were found on soil, leaf
litter and succulents compared to the small and intermediate scorpions. C.
vittatus scorpions in this study utilized the sit-and-wait foraging method at a
higher frequency than the active method. An increased number of scorpions
were actively foraging as the air temperature increased but the number of
scorpions actively foraging decreased as the relative humidity increased.
Results suggest that temperature and humidity does have an effect on the
behavior of scorpions.
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INTRODUCTION
There are multiple factors that may affect the microhabitat selection of
the striped bark scorpion, Centruroides vittatus. Factors can include the
lunar cycle, seasons, weather, thermoregulation, thermal cues, availability of
prey items, and the risk of predation.
One factor that may have an effect on scorpions is the lunar cycle.
Increased intensity of illumination from the moon resulted in a significant
decrease in surface occurrence of some scorpions (Hadley & Williams 1968).
Moonlight has an effect on prey availability and predation risk. Adult Buthus
occitanus israelis scorpions tend to favor dark nights for foraging in contrast
to brighter moonlight. However, the foraging activity of juvenile scorpions
were not affected by the moonlight (Skutelsky 1996). Similarly, for the
study of the C. vittatus scorpions, their behavior also changes during the
lunar cycle. During the waxing gibbous phase of the moon, there is a very
low number of scorpions found on the ground. This moon phase is marked
by a period of high illumination. There was also a high frequency of
scorpions that were found on cacti, shrubs and blackbrush (Acacia rigidula)
with increased lunar illumination (McReynolds, 2004).

-------- Journal model is the Journal of Arachnology
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The changing seasons also has an effect on the activity of scorpions.
Polis (1980) observed that there was an increase in activity during the spring
and early autumn seasons for the desert scorpion, Smeringus mesaensis
(formerly Paruroctonus mesaensis). During the midsummer and midwinter
season there is a decrease in activity for this desert scorpion (Warburg &
Polis 1990). Desert scorpions that live in higher elevations or higher
latitudes, such as Paruroctonus boreus or Bothriurus prospicuus, are mostly
active during the warmer months. Further, the weather can also impact the
activity of scorpions. The desert grassland scorpion, Paruroctonus utahensis,
withdraws into its burrow as soon as there is rainfall. During rainy nights,
there were zero scorpions found on the surface. They stayed deep in their
burrows as long as the soil stayed wet (Bradley 1988).
Thermoregulation and avoiding desiccation are very important for the
survival of the individuals of a species. Some have special adaptations such
as waxy or thick layers that can reduce water permeability (Danks 2007).
Additionally, the rate of desiccation is highly correlated with temperature. In
arachnids, the orb-weaving spider Tetragnatha elongata experiences
desiccation when they are denied direct access to water and can only
tolerate a maximum of 15% total water loss from dehydration (Gillespie
1987). This is also true for the tarantula Aphonopelma anax, which showed
higher rates of water loss and increased metabolic rates with higher
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temperatures (Shillington 2002). Temperature does have an influence on the
activity of scorpions. Higher temperatures favor the surface activity of
scorpions (Nime et al. 2013).
The arid or semi-arid ecosystem that C. vittatus scorpions inhabit
means that it is vital for these buthid scorpions to prevent water loss. Buthid
scorpions such as Buthotus judaicus (Buthidae; Simon 1872) and Leiurus
quinquestriatus (Buthidae; Ehrenberg 1828) have been shown to show a low
water loss rate (Gefen & Ar 2003). Following severe desiccation, the
scorpionids such as Scorpio maurus fuscus (Scorpiones; Ehrenberg 1829)
and Scorpio maurus palmatus (Scorpiones; Ehrenberg 1828) had higher
mortality rates compared to those of the buthids B. judaicus and L.
quinquestriatus scorpions (Gefen & Ar 2005). The rates for evaporative
water loss are very similar for scorpions that burrow and those that are
surface dwellers (Gefen 2011). The adult S. maurus palmatus scorpions will
only leave their burrows if there is a nearby prey item. The scorpion will not
leave its burrow if there is too great of a distance between the burrow and
the available food resources because of the risks of predation and
desiccation. Water plays an important factor in a desert ecosystem and it is
proposed that water loss is too steep of a price for the scorpion to risk
moving around too much (Shachak & Brand 1983).
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In the arid desert ecosystem, there are fewer prey encounters,
therefore the benefit of consuming thick-bodied prey, such as centipedes, is
worth the risk (Webber & Graham 2013). The Arizona bark scorpions,
Centruroides sculpturatus, feed on spiders, solpugids, and other scorpion
species and utilizes an ambush method of foraging strategy and actively
stalks its prey (Hadley & Williams 1968). Other scorpions like Buthus
occitanus includes consuming lizards as part of their regular diet (Castilla et
al. 2008). The common captured prey items of C. vittatus scorpions in
South Texas include caterpillars and adult moths (Lepidoptera),
grasshoppers, other insects, and arachnids (McReynolds 2004, 2008). Some
animals will even change their diet. Species like the insectivorous lizard
Acanthodactylus beershebensis will shift their diet to smaller prey items,
which means a shorter handling time, to lower predation from avian
predators (Hawlena & Pérez-Mellado 2009). Some foraging insects such as
bees, moths and butterlies have adapted skills that can lower foraging times
in search of flower patches with greater rewards by learning to avoid
depleted flower patches (Goulson 1999). Prey selection for scorpions is
usually based on the size of the prey. Larger scorpions may take smaller
prey to avoid foraging failure and to increase successful foraging. Small
scorpions capture smaller prey because they cannot handle larger prey or it
is too great of a risk (Kaltsas et al. 2008). The prey size of S. mesaensis
scorpion is correlated to its length (Polis & McCormick 1986). Scorpions are
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also capable of catching prey items in the air. The air movements of the prey
is detected by the trichobothria found on the pedipalps of scorpions.
Disturbances in the form of motion in certain habitats can allow smaller
scorpions to determine whether a signal is a possible prey or a predator
(Brownell & Farley 1979).
Avoiding predators and the risk of intraguild predation is another factor
that can possibly influence the microhabitat selection of scorpions. Figure 1
shows a scorpion feeding on a solpugid exhibiting intraguild predation.

Figure 1.—C. vittatus scorpion feeding on a solpugid (Solifugae) as prey
showing intraguild predation. (Photo courtesy of Dr. Neal McReynolds)
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One of the major source of mortality for 0-1 year old juvenile S.
mesaensis scorpions is predation by the adult scorpions (Polis et al. 1985).
The first three months after birth is the highest mortality rate for S.
mesaensis scorpions (Polis & Farley 1980). Figure 2 shows a C. vittatus
scorpion feeding on a juvenile scorpion illustrating cannibalism.

Figure 2.—C. vittatus scorpion feeding on a juvenile scorpion.
(Photo courtesy of Dr. Neal McReynolds)
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It is possible that there is a necessary trade-off between foraging
success with the highest prey availability and predation risk for C. vittatus
scorpions (McReynolds 2004). However, scorpions can forage in microhabitat
with high prey availability, and still have low predation risk. One example of
this is foraging on vegetation, which can have a high prey availability and
can also protect from predation (McReynolds 2008). Prey capture could
include grasshoppers (Orthoptera) (Figure 3), caterpillars (Figure 4), adult
moths (Lepidoptera), and other insects. For the C. vittatus in South Texas,
the intraguild prey can be captured from the ground and carried into
vegetation (McReynolds 2004, 2008). Intraguild prey include spiders (Figure
5), solpugids (Figure 1), chilopods, and other scorpions (Figure 2)
(McReynolds 2004, 2008). These scorpions are often found feeding in
blackbrush (Acacia rigidula) (McReynolds 2008).
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Figure 3.—C. vittatus scorpion feeding on a mantid.
(Photo courtesy of Dr. Neal McReynolds)

9

Figure 4.—C. vittatus scorpion feeding on a caterpillar.
(Photo courtesy of Dr. Neal McReynolds)
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Figure 5.—C. vittatus scorpion feeding on a spider.
(Photo courtesy of Dr. Neal McReynolds)
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There are varied reasons why the C. vittatus scorpion may prefer
certain microhabitats. This research considers how some conditions affect
how the scorpions utilize and select particular microhabitats. Microhabitat
use was compared in relation to the different microhabitats, such as
vegetation and ground, to determine whether they prefer one microhabitat
over another. The behavior among the different microhabitats was also
compared among the different size classes. Microhabitat use was also
compared in relation to temperature and humidity for changes in foraging
activity and behavior among microhabitats for the different size classes.
These comparisons were done to determine if there was a possible
preference for certain microhabitats or if the microhabitat was randomly
chosen by the scorpions.This study will attempt to illustrate how
environmental factors can affect the selection of specific microhabitats and
behavior by the C. vittatus scorpion. This study focused on how size class,
temperature, humidity, and foraging behavior influence the use of the
different microhabitats by this scorpion.

12

METHODS
Study Animal.−The striped-bark scorpion, C. vittatus, is charaterized
by a pair of dark stripes that run longitudinally from the prosoma to the
mesosoma. The color of this species of scorpion range from yellowish-tan to
brown. It has a wide distribution ranging from the Central Plains of the
United States and extending to northern Mexico. It is found along the Rio
Grande in the south Texas region (Shelley & Sissom 1995).
The sizes of these scorpions were estimated as size classes and
measured from the anterior of the prosoma to the posterior of the
mesosoma (Figure 6). A caliper was used if the size of the scorpion was in
question. The size classes ranged from size class I to size class IV. Size class
I was any scorpion measuring less than 5 millimeters. Size class II ranged
from 5 millimeters to 10 millimeters. Size class III was from 10 millimeters
to 15 millimeters. Size class IV was any scorpion measuring longer than 15
millimeters (McReynolds 2012, McElroy et al. 2017).
Scorpions were located nocturnally with an ultraviolet light source
since they fluoresce a luminous green color (Gaffin et al. 2012). Two
molecules, beta-carboline and 4-methyl-7-hydroxycoumarin, found in their
cuticles are responsible for this fluorescence (Gaffin & Barker 2014). A
compound known as 4-methylumbelliferone or hymecromone is also found
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to be responsible for the fluorescence in scorpions (Frost et al. 2001). Only
scorpions that have fully hardened cuticles can exhibit fluorescent capability
(Figure 7). Therefore, first instar scorpions, carried on the dorsal mesosoma
of the mother, and any scorpions, that have freshly molted and still possess
a soft cuticle, do not fluoresce (Hadley & Williams 1968) (Figure 8).
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Figure 6.—Measurement of the C. vittatus scorpion for size class.
(Photo courtesy of Dr. Neal McReynolds)
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Figure 7.—Adult C.vittatus scorpion fluorescing under UV light.
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Figure 8.—Female C. vittatus scorpion with first instars on its dorsal
mesosoma. (Photo courtesy of Dr. Neal McReynolds)
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Habitat.−This comparative study was conducted in the South Texas
region of the Tamaulipan Biotic Province. This region experiences extremely
high temperatures in the summer, a very mild winter, and low precipitation
(Blair 1950). Primary study site was the ranch owned by Juan Martinez,
located 21 miles from Texas A&M International University, with the
coordinates of 27°32'N, 99°37'W. Secondary site was the La Union ranch
located 50 miles from Texas A&M International University, and its
coordinates are 27°12'N, 99°31'W. Tertiary study site was the campus of
Texas A&M International University in Laredo, Texas and the coordinates for
this location are 27°35'N, 99°26'W. Different vegetation and plant species
were found in the three study sites. At the Martinez Ranch, the types of
vegetation found were predominantly huisachillo (Acacia schaffneri), honey
mesquite (Prosopis glanduosa), Texas prickly pear cactus (Opuntia
engelmannii) and Yucca constricta. La Union Ranch site had honey mesquite
(P. glandulosa), lime prickly ash (Zanthoxylum fagara), allthorn goatbush
(Castela erecta), Yucca constricta, strawberry cactus (Echinocereus
enneacanthus), and Texas prickly pear cactus (Opuntia engelmannii). TAMIU
study site comprised primarily of blackbrush (A. rigidula), Texas prickly pear
cactus (O. engelmannii), honey mesquite (P. glandulosa), guajillo (Acacia
berlandieri), strawberry cactus (E. enneacanthus), tasajillo
(Opuntia leptocaulis), guayacan (Guaiacum angustifolium), leather stem
(Jatropha dioica), and Spanish dagger (Yucca treculeana) (McReynolds
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2004). Texas prickly pear cactus (Opuntia engelmannii) was found in all
three study sites.
Data Collection.−This study was conducted through visual
observation and care was taken to limit the disturbance to the scorpions in
their different microhabitats. The duration of this study was from August
2016 to November 2017. The data collected were obtained through active
searching by 1 or 2 individuals. The observations were conducted for
approximately 3 hours per night, with a minimum of two nights per week
and a maximum of three nights per week. Wind velocity, humidity, and air
temperature were noted at the beginning and at the end of each field night
using the pocket weather meter Kestrel 3000 ®. A portable rechargeable UV
flashlight from Xenopus Electronix ® was used to detect and observe the
scorpions. The observation of scorpions in the field did not begin until after
sunset. The time range was between 20:00 Central Standard Time, US (CST)
during the Fall and Spring seasons and as late as 21:00 Central Standard
Time, US (CST) during the Summer season. Fieldwork could continue until
around midnight Central Standard Time, US (CST).
Data on each individual scorpion were collected. The data included the
site location, date and time observed, the size class of the scorpion, any
prey captured, foraging method, and the microhabitat in which the scorpion
was located. If a scorpion was found on vegetation, then the specific location
where the scorpion was first seen was noted. For trees and shrubs, the
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different parts were noted as trunk, branches, leaves, or flowers. Grass parts
will be described as blades or stem. The various parts of the plants were
marked as stems, branches or leaves. Cactus parts were classified as tuna,
pad, spines, joints or flowers. Yucca parts were labeled as leaf base, leaf, or
trunk. If the scorpion was found on the ground, then their microhabitat was
indicated as either leaf litter or soil.
Data Analyses.−The two-way G-test of independence (Sokal & Rohlf
1995) was implemented to compare the different size classes of the
Centruroides vittatus and their microhabitat use. The foraging activity of the
different size classes and the microhabitat use at different temperatures was
also used for this data analysis. Planned comparisons were performed to see
any significant associations. Some size classes were pooled because at least
one zero was present in the contingency tables. The three-way G-test of
independence (Sokal & Rohlf 1995) was utilized to test if there are any
differences in behavior on various microhabitats and also the effect of
temperature on the behavior and use of the different microhabitats by the
different size classes. The three-way G-test of independence was also used
to analyze the use of the various microhabitats in three different study sites
by the different size classes of C. vittatus scorpions. Some size classes and
other data were pooled because at least one zero was present in the
contingency tables. Contingency tables with comparisons were set up to
show the interactions taking place with this data analysis. Logistic regression
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analyses (Sokal & Rohlf 1995) were used to compare continuous
parameteres such as temperature and humidity to a proportion such as the
proportion of scorpions actively foraging instead of the sit-and-wait behavior.
A value of 0 meant that the scorpions exhibited the sit-and-wait behavior. A
value of 1 meant that the scorpions showed active behavior by either
feeding, carrying prey in their pedipalps, walking or climbing. The data for
the logistic regression was analyzed using the Statistical Package for Social
Sciences (SPSS). The parameters used for the logistic regression analyses
were the β0, β1, and the Wald statistic values.
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RESULTS
Use of microhabitats in three different study sites.―The use of
microhabitats by the different size classes of the C. vittatus scorpions found
in three different study sites was compared (Figure 9) and was analyzed in a
three-way contingency table (Table 1). Size classes I and II were pooled for
this statistical analysis. The three factor interaction comparison among sites,
microhabitats, and size classes was significant. The pooled size classes I and
II scorpions in the Martinez study site had an interaction effect because they
use the vegetation more than the ground. The size class IV had an
interaction effect in the La Union study site because the ground was utilized
more. Lastly, the pooled size classes I and II found in the TAMIU study site
had an interaction effect because they also used the ground more than
vegetation. Conditional comparison showed that there is significant
association between the different study sites versus the microhabitat used
by the scorpions for each site. For the Martinez study site, vegetation was
used at a higher frequency than the ground. For the La Union study site, the
frequency of ground compared to vegetation was similar. Meanwhile for the
scorpions found in the TAMIU site, the ground was utilized at a higher
frequency than vegetation. Conditional comparison also showed a significant
difference between the different study sites versus the different size classes
of scorpions. The size class I-II and size class IV frequencies were higher at
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the Martinez ranch compared to size class III at TAMIU site. For the
conditional comparison of size classes versus microhabitat, there was also a
significant association found. For both the pooled size classes I and II and
size class III scorpions, the size class IV scorpions were seen on vegetation
at a marginally higher frequency at the Martinez and La Union study sites.
The opposite is true for the TAMIU study site, where these size classes were
seen at a higher frequency on the ground. The size class IV scorpions were
seen on vegetation at a higher frequency for the Martinez site but in the La
Union and TAMIU study sites, they were seen at higher frequencies on the
ground.
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Figure 9.— Three-way G test on microhabitat, site, and size class
The number of different size classes of C. vittatus scorpions on different
microhabitats in the three different study sites. Size classes I and II were
pooled for statistical analysis. See Table 1 for a three-way G-test of the
contingency table of the different size classes on different microhabitats in
the different study sites.
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Table 1.—Contingency table on microhabitat, site, and size class
Three-way G-test of independence for microhabitats versus study sites
versus size classes. See Figure 9.
Comparisons

G

df

P

Interaction

16.94

4

< 0.01

Conditional Independence
Site vs. Microhabitat
Size Class vs. Site
Size Class vs. Microhabitat

27.09
25.62
48.09

6
8
6

< 0.001
< 0.001
< 0.001
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Use of microhabitats by different size classes.―The use of the
different microhabitats by the different size classes was compared in a twoway contingency table and was significantly different (Figure 10) and was
analyzed using planned comparisons (Table 2). Size classes I and II were
pooled for this statistical analysis. The highest proportions of size class I and
II (pooled) were observed on soil. The highest proportions of size class IV
were seen on soil and succulents. In a planned comparison, there was a
significant difference among size classes of scorpions on the ground versus
all vegetation. The total number of all the size classes of scorpions (n =
1530) was observed on the ground (46%) and on vegetation (54%). In the
planned comparison between the vegetation classes, there was a significant
association among size classes for scorpions on trees and succulents versus
herbs, shrubs, and grass and on trees versus succulents. There was a high
frequency of size class I-II found in grasses, herbs and shrubs and a high
frequency of size class IV were seen in trees and succulents. There was also
a significant association among size classes for scorpions on herbs and
shrubs versus grass. There was a high frequency of size class I and II
scorpions found on the grass compared to the size class III and IV. In
another planned comparison, there was also a significant association among
size classes of scorpions on soil versus leaf litter. The large scorpions had
the highest frequency on soil compared to the intermediate sizes. The
intermediate size class had a lower frequency compared to the other size
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classes. A very high frequency of size classes I and II were found on soil. In
the planned comparison between the different parts of vegetation classes,
there was a significant association among size classes for scorpions found on
leaves and branches versus trunks of trees. There was a high frequency of
size classes I and II found on the leaves and branches of trees but a low
frequency on the trunks of trees. There was a very low frequency of size
class IV found on the leaves and stems of herbs and shrubs and the blades
and stems of grasses. However, there was no significant difference found in
the planned comparisons between the leaf versus stem of herbs and shrubs
and the blade versus stem of grasses.
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Figure 10.—Two-way G test on microhabitat and location
The number of C. vittatus scorpions on different microhabitats among
different size classes. Size classes I and II were pooled for statistical analysis.
Ll = Leaf litter, Lf = Leaf, Br = Branch, Tr = Trunk, Sm = Stem, Bl = Blade.
(G = 219.2, P = < 0.001, degrees of freedom = 16, n = 1101). See Table 2
for planned comparisons of the scorpions on different microhabitats among
size classes.
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Table 2.—Planned comparisons on microhabitat and location
Planned comparisons of the C. vittatus scorpions on different microhabitats
among size classes. The first comparison pooled all the scorpions on the
ground versus all the pooled scorpions found on all vegetation. The second,
third, and fourth comparisons were for the scorpions found on different types
of vegetation. The fifth comparison was for the scorpions found on soil
versus leaf litter. The remaining three comparisons were for the scorpions
found on different parts such leaf or branch versus trunk, leaf versus stem,
and blade versus stem of the different types of vegetation such as trees,
succulents, herbs, shrubs, and grass. ns = not significant. See Figure 10.
Planned Comparisons

G

df

P

Ground vs. All Vegetation
14.60
2
< 0.001
Trees and Succulents vs. Herbs, Shrubs and Grass
150.36
2
< 0.001
Trees vs. Succulents
7.16
2
< 0.05
Herbs and Shrubs vs. Grass
7.75
2
< 0.05
Soil vs. Leaf Litter
14.68
2
< 0.001
Leaf/Branch vs. Trunk
20.11
2
< 0.001
Leaf vs. Stem
0.11
2
ns
Blade vs. Stem
4.43
2
ns
Total
219.20
16
< 0.001
______________________________________________________________________________
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Behavior on different microhabitats.―The behavior on the
different microhabitats by the different size classes was compared in a twoway contingency table and was significantly different (Figure 11). Size
classes I, II, and III were pooled for this statistical analysis. In a planned
comparison, there was a significant difference among size classes of
scorpions on the ground versus all vegetation (Table 3). In the planned
comparison between the vegetation classes, there was a significant
association among size classes for scorpions on trees and succulents versus
herbs, shrubs, and grass and on trees versus succulents. Size classes I-III
had the highest frequency found on herbs, shrubs, and grass compared to
size class IV. Meanwhile, the size class IV utilized the trees and succulents
microhabitats more compared to the other pooled size classes of scorpions.
There was no significant association among size classes for scorpions on
herbs and shrubs versus grass. There were five planned comparison sets
made for the different behaviors, including walking, climbing, feeding or sitand-waiting, found on either the ground or the different types of vegetation
such as trees, succulents, herbs, shrubs, and grass and no significant
associations were found among the size classes. A high frequency of size
classes I - III and IV were found walking on the ground. There were also
high frequencies that were found sit-and-waiting on the ground, herbs,
shrubs, and grasses for the pooled size classes of I - III scorpions. There
were very low frequencies found climbing vegetation or having any prey
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capture in both ground and vegetation microhabitats for these size classes.
There were also high frequencies that were found sit-and-waiting on the
ground, trees, and succulents but low frequencies that were found sit-andwaiting on herbs, shrubs, and grasses for the size class IV scorpions. There
were very low frequencies found climbing vegetation or having any prey
capture in both ground and vegetation microhabitats for the size class IV
scorpions.

31

Figure 11.—Two-way G test on behavior and microhabitat
The number of C. vittatus scorpions exhibiting different behaviors on
different microhabitats among different size classes. Size classes I, II, and
III were pooled for statistical analysis. W = walking, P = Prey Capture, SW =
Sit-and-Wait, C = Climbing. (G = 175.47, P = < 0.001, degrees of freedom
= 14, n = 1101). See Table 3 for planned comparisons of the different
behaviors on different microhabitats among size classes.
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Table 3.—Planned comparisons on behavior and microhabitat
Planned comparisons of the different behaviors of C. vittatus on different
microhabitats among size classes. The first comparison pooled all the
scorpions on the ground versus all the pooled scorpions found on all
vegetation. The second, third, and fourth comparisons were for the scorpions
found on different types of vegetation. The remaining five comparisons were
for the different behaviors of the scorpions found on either the ground or the
different types of vegetation such as trees, succulents, herbs, shrubs, and
grass. ns = not significant. See Figure 11.
Planned Comparisons

G

df

P

Ground vs. All Vegetation
14.02
1
< 0.001
Trees and Succulents vs. Herbs, Shrubs and Grass
140.18
1
< 0.001
Trees vs. Succulents
6.80
1
< 0.01
Herbs and Shrubs vs. Grass
2.91
1
ns
Walking vs. Prey Capture vs. Sit and Wait on Ground
1.07
2
ns
Climbing vs. Prey Capture vs. Sit and Wait on Trees
2.28
2
ns
Climbing vs. Prey Capture vs. Sit and Wait on Succulents
2.60
2
ns
Climbing vs. Prey Capture vs. Sit and Wait on Herbs and Shrubs 3.83
2
ns
Climbing vs. Prey Capture vs. Sit and Wait on Grass
1.76
2
ns
Total
175.47
14
< 0.001
______________________________________________________________________________
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The behavior of the different size classes of the C. vittatus scorpions
found in different microhabitats was compared (Figure 12) and analyzed in a
three-way contingency table (Table 4). Size classes I and II were pooled for
this statistical analysis. The three factor interaction comparison among
behavior, microhabitats, and size classes was not significant. Conditional
comparison showed that there was a significant association between the
behavior versus the microhabitat used by the scorpion. The scorpions also
utilized the sit-and-wait foraging method at a higher frequency than the
active method when in vegetation. For the conditional comparison of size
classes versus microhabitat, there was also a significant association found.
For the pooled size classes I and II scorpions, there was a high frequency
found on grass and herbs. The lowest frequency for these smaller scorpions
were found on shrubs, trees, and succulents. Size class IV scorpions had the
highest frequency on shrubs, trees, and succulents, and the lowest
frequency was on grass and herbs. For the conditional comparison of size
classes versus behavior, there was no significant association (Table 4).
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Figure 12.—Three-way G test on behavior, microhabitat, and size class
The number of C. vittatus scorpions for different behaviors among different
microhabitats and size classes. Size classes I and II were pooled for
statistical analysis. See Table 4 for a three-way G-test of the contingency
table among different behaviors, microhabitats and size classes.
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Table 4.—Contingency table on behavior, microhabitat, and size class
Three-way G-test of independence of the contingency table for behaviors
versus microhabitats versus size classes. See Figure 12.
Comparisons
Interaction
Conditional Independence
Microhabitat vs. Behavior
Size Class vs. Microhabitat
Size Class vs. Behavior

G

df

P

4.41

4

ns

61.96
164.08
11.99

6
8
6

< 0.001
< 0.001
ns
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Effect of temperature on the behavior.―The behavior of the
different size class scorpions at different temperatures was compared (Figure
13) and analyzed in a three-way contingency table (Table 5). Size classes I
and II were pooled for this statistical analysis. The three factor interaction
comparison among behavior, temperature, and size classes was not
significant. However, conditional comparison showed that there was a
significant association between the temperature versus the behavior of the
scorpion. The highest frequency of scorpions were found to be sit-andwaiting when the temperatures were 25˚C and below. The lowest frequency
of scorpions encountered that were sit-and-waiting were seen at
temperatures 30˚C and above. Conditional comparison showed that there
was a significant association between the different size classes versus
temperature. The highest frequencies of the pooled size class I and II
scorpions were seen at temperatures 25˚C and below and the intermediate
temperatures between 25˚C and 30˚C. The highest frequency of size class
IV scorpions were seen at temperatures 25˚C and below and its lowest
frequency was at temperatures 30˚C and above. Perhaps this might have
been because there were not that many nights with temperatures
temperatures 30˚C and above. Conditional comparison showed that there
was also a significant association between the different size classes versus
behavior. There was a high frequency of the pooled size classes I and II that
were sit-and-waiting and a lower frequency were seen actively foraging. The
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intermediate sized class III scorpions were seen at a higher frequency of
exhibiting sit-and-wait behavior than active foraging. For the size class IV
scorpions, the highest frequency was seen sit-and-waiting. These large
scorpions were also observed actively foraging but at a lower frequency. The
large scorpions were actively foraging at all temperatures at a higher
frequency compared to the smaller scorpions.
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Figure 13.— Three-way G test on temperature, behavior, and size class
The number of different size classes of C. vittatus scorpions exhibiting
different behaviors at different temperature ranges. Size classes I and II
were pooled for statistical analysis. See Table 5 for a three-way G-test of the
contingency table for behaviors of the different size classes at different
temperature ranges.
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Table 5.—Contingency table on temperature, behavior, and size class
Three-way G-test of independence of the contingency table for behaviors
versus temperature ranges versus size classes. See Figure 13.
Comparisons
Interaction

G

df

P

4.58

4

ns

Conditional Independence
Temperature vs. Behavior
15.63
6
< 0.05
Size Class vs. Temperature
27.31
8
< 0.001
Size Class vs. Behavior
18.39
6
< 0.01
______________________________________________________________________________
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Effect of temperature on microhabitat use.―The use of the
different microhabitats by the different size classes at different temperatures
was compared (Figure 14) and analyzed in a three-way contingency table.
The three factor interaction comparison among microhabitats, temperature,
and size classes was significant (Table 6). Large scorpions had the highest
frequency actively foraging in vegetation at temperatures 25˚C and below
and a high frequency on the ground at temperatures between 25˚C and
30˚C. Conditional comparison showed that there was a significant
association between the temperature versus the microhabitat used by the
scorpion. The highest frequency of scorpions were seen on vegetation at
temperatures 25˚C and below and the intermediate temperatures between
25˚C and 30˚C. The lowest frequency of scorpions were seen on vegetation
at temperatures 30˚C and above. The ground microhabitat also had the
highest frequency of scorpions at temperatures 25˚C and below and the
intermediate temperatures between 25˚C and 30˚C. The lowest frequency of
scorpions seen on the ground and on vegetation was also at temperatures
30˚C and above. Conditional comparison also showed that there was a
significant association between the size classes versus temperatures. The
highest frequencies of size class I scorpions were seen at the intermediate
temperatures between 25˚C and 30˚C. The highest frequencies of size class
II, III, and IV scorpions were seen at temperatures 25˚C and below. Size
class I is more active at temperatures 25˚C and below. The activity of size
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class III drops more than other size classes at the intermediate
temperatures between 25˚C and 30˚C. The activity of Size class IV
increases compared to the other size classes at temperatures 30˚C and
above. Conditional comparison also showed that there was a significant
association between the size classes versus microhabitats used by the
scorpions. There were similar frequencies of size class I scorpions that were
seen on both vegetation and ground microhabitats. Size class II scorpions
had the highest frequency on vegetation and the lowest frequency was
observed on the ground. Size class III scorpions also had the highest
frequency on vegetation and the lowest frequency was encountered on the
ground. The size class IV scorpions had higher activity on the ground than
the other size classes.
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Figure 14.—Three-way G test on temperature, microhabitat, and size class.
The number of different size classes of C. vittatus scorpions on different
microhabitats at different temperature ranges. See Table 6 for a three-way
G-test of the contingency table of the different size classes on different
microhabitats at different temperature ranges.
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Table 6.—Contingency table on temperature, microhabitat, and size class.
Three-way G-test of independence of the contingency table for microhabitats
versus temperature ranges versus size classes. See Figure 14.

Comparisons

G

df

P

Interaction

27.67

6

< 0.001

Conditional Independence
Temperature vs. Microhabitat
Size Class vs. Temperature
Size Class vs. Microhabitat

51.84
58.06
34.88

9
12
9

< 0.001
< 0.001
< 0.001
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Effect of air temperature on the activity of scorpions.―Logistic
regression showed an increased frequency of scorpions actively foraging as
the air temperature increases (Figure 15). There was a significant regression
between the activity of scorpions and air temperature (Table 7). There was a
scattering of points but a positive slope. When the proportion was above
zero, the scorpions were exhibiting behaviors which included walking,
climbing, or feeding on a captured prey item. There was a frequency of
scorpions that were active with increasing temperatures.
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Figure 15.— Logistic regression on air temperature and activity
Average air temperature each night versus the observed proportion of
scorpions actively foraging each night (sample number next to each point).
Logistic regression shows a significant regression of air temperature versus
the active scorpions. Points with zero activity were nights with all the
scorpions sit-and-waiting. (Wald = 5.534, degrees of freedom = 1, P =
<0.05). See Table 7.
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Table 7.— Table for the logistic regression on air temperature and activity
Logistic regression showing the effect of air temperature on the activity of C.
vittatus. See Figure 15.
______________________________________________________________________________
β0
β1
Wald
df
P
______________________________________________________________________________

Air Temperature
0.047
5.534
1
<0.05
Constant
-2.331
19.679
1
<0.001
_____________________________________________________________
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Effect of relative humidity on the activity of scorpions.―Logistic
regression showed a decreased number of scorpions actively foraging as the
relative humidity increases (Figure 16). There was a significant regression on
the activity of scorpions and relative humidity (Table 8). There was a wider
scattering of points on a negative slope. When the proportion was at zero, all
the scorpions were sit-and-waiting. As the relative humidity increased, the
activity of the scorpions decreased, however, there was a bifurcation of data
points.
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Figure 16.—Logistic regression on relative humidity and activity
Average relative humidity each night versus the observed proportion of
scorpions actively foraging each night (sample number next to each point).
Logistic regression shows a significant regression of relative humidity versus
the active scorpions. Points with zero activity were nights with all the
scorpions sit-and-waiting. (Wald = 9.822, degrees of freedom = 1, P =
<0.01). See Table 8.
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Table 8.—Table for logistic regression on relative humidity and activity
Logistic regression showing the effect of relative humidity on the activity of C.
vittatus. See Figure 16.
______________________________________________________________________________
β0

β1

Wald

df

P

______________________________________________________________________________
Relative Humidity
-0.016
9.822
1
<0.01
Constant
-0.063
0.035
1
ns
_____________________________________________________________

50

DISCUSSION
There are many factors that can affect the microhabitat selection of
the C. vittatus scorpions. These include the microhabitats that are available,
availability of prey items, risk of predation, temperature and humidity. In
this study, the microhabitats used are significantly different for the C.
vittatus scorpions found in the three different study sites (Figure 9). For both
the Martinez and La Union Ranch study sites, the majority of the scorpions
were found on vegetation. One possible explanation for the significant
differences across study sites could possibly be a result of the different plant
species that are present in the three different field sites. The scorpions might
possibly be using the different trees, shrubs, and other certain vegetation
which are found in one study site, but not found in the other sites. For
example, at the TAMIU site, there was an abundance of blackbrush trees and
other legumes, so these scorpions used vegetation more (McReynolds in
revision). Sometimes the heterogeneous vegetation present may also mean
less competition as seen in the study by Ziesche & Roth (2013) which shows
the use of the different microhabitats by spiders. These spiders were seen
favorably selecting the forest, which provided a more suitable habitat
compared to the open field. In another study of the orb-weaving spider,
Micrathena gracilis, the vegetation microhabitat was more favorable than the
ground microhabitat because the forest provided more shade and protection
from solar radiation. Their webs were also preserved which lead to more
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captured prey items (Hodge 1987). Another example of species choosing
specific habitats is the scorpion Paruroctonus boreus. Their preferred habitat
is the ground since it is covered by at least 60% broad-leafed plants and
about 5% grass. In addition, the ground provided plenty of prey for these
scorpions (Zack & Looney 2012). All these studies show that competition is
avoided when the different species use different microhabitats, whether this
means using either ground or vegetation or just using different vegetation
altogether.
However, this same TAMIU site also had more open ground areas,
especially the areas adjacent to the bike trails (pers. obs. by F. Manalastas
and C.N. McReynolds). This might be a possible reason why there was a high
frequency of scorpions found on the ground at this study site. These specific
areas, where the data was collected for this study, also had less vegetation
present compared to the other two study sites, although this observation
was not measured. There was also more data collected at the Martinez study
site compared to both La Union and TAMIU study sites so this might have
affected the results of the data gathered.
Some can co-exist in the same microhabitats because they utilize
microhabitats differently as seen with the species C. sculpturatus and
Diplocentrus spitzeri and at different times so competition is avoided
(Crawford & Krehoff 1975). It is similar for this study, wherein the smaller
scorpions used different microhabitats to avoid the larger scorpions. This is
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also similar to a study by Polis & McCormick (1987) of the different species
of desert scorpions, Paruroctonus luteolus, Vaejovis confusus, and S.
mesaensis (formerly P. mesaensis). The P. luteolus and V. confusus avoid
the numerically dominant and larger S. mesaensis to avoid intraguild
predation. These desert scorpions all occupy the same sandy habitat,
however, the smaller V. confusus, and P. luteolus scorpions avoid the more
numerous and larger adult S. mesaensis scorpions and do not meet on the
surface at the same time, hence lowering the rates of intraguild predation
for the smaller scorpions.
The use of the different microhabitats of C. vittatus scorpions is
significant and varied by size class (see Figure 10). The pooled size classes I
and II were mostly found on the leaves and stems of herbs and shrubs, and
also on the blades and stems of grasses. The smaller size classes might be
using the herbs, shrubs, and grasses to avoid being preyed upon by the
larger scorpions. The larger size class IV was found in cacti and other
succulents but rarely observed on herbs, shrubs, and grasses. Blades and
stems are thin and can possibly expose these larger scorpions to predators.
Using cacti and succulents may lower their risk for predation. The prickly
pear, strawberry cacti, and Yucca constricta are their preferred microhabitats.
Perhaps the reason that the smaller scorpions are rarely seen on cacti and
succulents is because they are being denied access by the larger scorpions
as speculated by McReynolds (in revision).
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Some scorpions are able to coexist with other scorpions because they
use different microhabitats. Results for this study show that both small and
large scorpions were found on soil and leaf litter. Data from this study
suggests that both the small and large scorpions use the ground
microhabitats differently and hence are able to coexist. The ground
microhabitat may possibly provide additional refuge to the smaller scorpions.
McReynolds (in revision) speculated that these scorpions might be looking
for sheltered areas, such as leaf litter, to avoid being disturbed while feeding.
They might also be protecting their captured items from predators, such as
ants, that can steal their food by climbing vegetation (McReynolds 2008). In
contrast, the large scorpions might possibly be using the ground
microhabitat simply to move from one microhabitat to another, such as
carrying their captured prey into vegetation. This is also observed in the
study of Tityus pusillus scorpions able to co-exist with Ananteris mauryi
scorpions (Lira et al. 2013). The leaf litter microhabitat is utilized and
occupied at different levels by both species. The juvenile T. pusillus were
frequently found at the sub-leaf litter level, as well as the A. mauryi. Prey
items such as small insects and small spiders serve as a food source for the
juvenile T. pusillus. Meanwhile, the mature T. pusillus are found in the epileaf litter where they prey upon larger food items. The threat of intraguild
predation is possibly lessened because the juvenile T. pusillus and the adult
A. mauryi are similar in size. It was also suggested that because there is
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ample prey available for both species that less competition for food
resources exists between the two species.
In addition, succulents and other cacti, can provide possible daytime
refuge for the larger scorpions (McReynolds 2008). These scorpions may
possibly also be utilizing the cacti and succulent microhabitats for protection
because these types of vegetation possess large thorny spines, and to avoid
predation by other larger predators such as owls. In a study of the
leafhopper assassin bug Zeius renardii, the adults were mostly found in the
upper parts of the plants while the juveniles were mostly seen in the lower
portion of the plants as a means to avoid intraguild predation (Cisneros &
Rosenheim 1998). This is similar with the results of this study where the
adult scorpions were utilizing the trunks and branches of trees at a higher
frequency and the small scorpions were found mostly on leaves and stems.
This study differs with the results from the study done by McReynolds (2020)
where the branches were not readily used by the larger scorpions. He
believed that it is because some branches are very thin and they do not
venture that much farther into the foliage. The younger scorpions were
found more on herbs, shrubs and grasses, while there was a high frequency
of the adults seen on succulents (Figure 10). This is also reflected in a
research study conducted over the course of 10 years (McReynolds in
revision).
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Furthermore, the availability of prey items and the risk of predation
are also major factors in the use and choice of different microhabitats for
scorpions. The behaviors of the scorpions changes depending on the
microhabitats (Figure 11 and Figure 12). The smaller scorpions were found
sit-and-waiting on grass, herbs, and shrubs while the larger scorpions were
found sit-and-waiting on trees, cacti and other succulents. The smaller
scorpions might possibly be using the sit-and-wait foraging method to avoid
movement and as a defense strategy to prevent detection by the larger
scorpions. Movement seems to be a necessity for cannibalistic encounters.
The S. mesaensis desert scorpions showed a cannibalistic attack to the other
scorpions as they were moving (Polis 1980). This is similarly seen in the
study of Z. renardii clodhopper assassin bugs which rarely attacked the
abundant aphids unless these prey were walking (Cisneros & Rosenheim
1998). One way to reduce the cannibalism rates for the younger and smaller
scorpions is to use large shrubs as refuges. The smaller scorpions of this
study were mostly seen sit-and-waiting on grasses, herbs and shrubs,
perhaps to avoid predation by the larger scorpions since there is a low
frequency of large scorpions seen in these microhabitats. This is similarly
noted by McReynolds (2012) that grasses are rarely used by the larger
scorpions. This study found the same results wherein the smaller scorpions
were utilizing the grasses and herbs at a higher frequency than the larger
scorpions.
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Moreover, many prey items can also be captured in the vegetation and
so the smaller scorpions are waiting for prey items to consume. Caterpillars
are abundant in vegetation especially on the branches of blackbrush trees
and other legumes. These scorpions can then stay in the same habitats to
feed (McReynolds in revision). The juvenile scorpions of the species of
Brachistosternus ferrugineus exhibited the behavior of climbing into
vegetation. One possible purpose is to feed without risk of losing their prey
and avoid being preyed upon because of their smaller sizes (Nime et al.
2016). Results showed that both the small and large scorpions took their
prey item into the vegetation in attempts to prevent losing their prey
capture and to avoid being disturbed while they feed.
This was similar to the case for orb-spiders that found more prey items
in the sedges. In the same study, the spiders also avoided building webs on
trees because they can be preyed upon by birds (Blamires et al. 2007). The
C. exilicauda scorpions can climb tall trees to consume spiders, therefore
avoiding the risk of predation and avoiding competition (Jiménez-Jiménez &
Palacios-Cardiel 2010). Results suggest maybe the possible reason that
some smaller scorpions use grasses, herbs and shrubs is to avoid being
preyed upon by the large scorpions. The foraging of the species Buthus
occitanus on shrubs may be favored if this behavior reduces predation risk
(Sánchez-Piñero et al. 2013) It was found that smaller individuals have a
higher probability of climbing the shrubs because there is more prey found
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on shrubs than on the ground. This climbing behavior may also reduce the
risk of cannibalism and is a predator avoidance strategy (Sánchez-Piñero &
Urbano-Tenorio 2016).
It was suggested that the plant climbing behavior of C. vittatus was
more likely to be a predator avoidance strategy. In this study and habitat,
the climbing behavior of C. vittatus, found in west Texas, was examined and
found that juveniles were significantly more likely to be found in vegetation
than their adult counterparts (Brown & O’Connell 2000). The C. vittatus,
studied in Arkansas, exhibited a similar behavior, with the majority of the
scorpions observed on the ground feeding on the abundant spiders that
dwell on the ground noted Yamashita (2004). However, about 40% of the
females feed above ground and 10% of males carried their prey items into
grass or up in the trees. This would support the hypothesis of preyavoidance by climbing into vegetation. The rate of cannibalism is particularly
high for these scorpions found in this habitat. It is speculated that food
stress might be causing the increased rate of cannibalism because of the
harsher environment, due to the rocky habitat, and short foraging season
with longer winters, which could lead to a food shortage in Arkansas
(Yamashita 2004). In comparison, there was a lower rate of cannibalism in C.
vittatus scorpions found in South Texas (McReynolds 2008). The smaller
juvenile scorpions were observed using grass at a higher frequency, but they
did not climb vegetation simply to avoid predation because the larger
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scorpions were also found on the same plant species, albeit at a lower
frequency, and on the ground, as well (McReynolds 2012). Results suggest
that the younger scorpions use grass because the larger scorpions do not
utilize this certain microhabitat at a high frequency, which means a lowered
risk of predation and a possible avoidance of competition.
In this study, there was a high frequency of large scorpions that were
found sit-and-waiting in the trees, cacti, and other succulents. Some prey
items, such as grasshoppers, can also be found in these microhabitats and
this might be a possible reason for the high frequency of large scorpions
seen in these microhabitats. Sometimes when a scorpion attacks an
aggressive and larger-sized prey and if it results in the loss of the prey item,
then the scorpion flees and assumes a resting and still position a few yards
away (Hadley & Williams 1968). This could possibly explain why some larger
scorpions were observed exhibiting the sit-and-wait behavior. They could
also be possibly waiting for prey to come by.
Both the small and the large class sizes were also seen actively
foraging on the ground. These activities include feeding on the ground,
handling a captured prey item or actively searching for a prey items,
although these actions were rarely observed. These scorpions can be simply
using the ground to transition from one plant to another (McReynolds in
revision). All the size classes of scorpions can also be found on the ground
because prey items, such as wolf spiders and orthopterans, can be found on
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the ground, but in contrast, some vegetation might have fewer prey items
for the scorpions to feed upon. Both the small and the large size classes of
scorpions are using the ground microhabitat in search of different prey items
that might be available for these scorpions to consume. McReynolds (2020)
have observed that the smallest ones might possibly be using this
microhabitat because they could consume ants and other small insects on
the ground and were observed near ant trails and termite tubes. The large
scorpions could consume spiders, grasshoppers and other smaller scorpions,
as well, on this microhabitat. This behavior is similar to the different species
of pholcid spiders that share the same microhabitat because there is an
abundance of food that can be found in these specific microhabitats
(Mondejar & Nuñeza 2016).
Temperatures and humidity play a role in the activity of scorpions.
During a warm period when the temperature reached 18°C during the winter
season, there was an increase in surface activity (Polis 1980). When the
temperature reached 9°C during cold periods in the warmer months, there
was low surface density observed for the desert scorpion, S. mesaensis. This
is also evident in the study of C. vittatus scorpions found in Arkansas. These
scorpions were not active when the temperatures dipped below 10°C.
Temperatures ranging between 20°C and 30°C yielded the highest surface
densities. A temperature of 12°C was the lowest recorded limit for any
surface activity in Arkansas (Yamashita 2004). This is similar to the South
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Texas C. vittatus scorpions that are especially active during nights when the
temperatures were above 20°C (McReynolds 2008, 2012). It has also been
suggested that scorpions can be found foraging on the ground because the
warm temperatures may allow them to sprint faster to safely avoid the
predators (Carlson & Rowe 2009). This could be a possible reason for the
increased activity by all the size classes at higher temperatures. Larger
scorpions were active at an increased frequency at temperatures greater
than 30˚C. Larger scorpions had a higher activity than the smaller scorpions
at higher temperatures. One possible reason suggests that the small
scorpions were trying to avoid active foraging at the same time as the large
scorpions (Figure 13).
Temperature has an effect on the behavior, microhabitat use and
activity of C. vittatus scorpions. These non-burrowing scorpions have been
known to escape extremely high temperatures during the daytime by
moving underground and into the cracks of the soil (Brown et al. 2002).
Crevices found in the soil had lower temperatures compared to those found
immediately under plant debris (Punzo 2006). Burrows have been found to
be as much as 20˚C cooler compared to the temperature of the soil and
provide refuge for some burrowing scorpions such as Opisthophtalmus
latimanus (Alexander & Ewer 1957). This is similar to the surface activity of
the scorpions for this study.
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It is imperative for these scorpions to prevent desiccation, especially
in the dry arid environment. Scorpions are well-adapted for the xeric habitat
because of their low evaporative water loss, but one third of the total
evaporative water loss is cutaneous (Withers & Smith 1993). The cuticle of
the body of the scorpion is highly waterproof (Gefen & Ar 2003). Cuticular
transpiration is the main reason for its water loss (Gefen & Ar 2006).
Scorpions have lipids in the epicuticle, not unlike those found in some insects
(Hadley 1970). Drinking from a water source, if present, serves as a
supplementary source of water for the scorpions, but the body fluids of the
captured prey items serve as the primary source of water replenishment for
their water loss (Hadley 1970). Additionally, the hepatopancreas of the
scorpions also act as a water reservoir (Gefen & Ar 2005). Mild desiccation of
the scorpions show that they lose water mostly from the hepatopancreas to
regulate their hemolymph volume (Gefen & Ar 2006). For every 10 °C
increase in temperature, the metabolic rate of scorpions nearly tripled on
average (Lighton et al. 2001). For this study, the intermediate temperatures
between 25˚C and 30˚C is the range with the highest frequency of surface
activity. Weather in South Texas, for the most part, stays relatively
consistent during the night time and does not fluctuate at such a wide range
as to cause a marked decrease in the activity of the scorpions which might
be one possible reason for the high frequency of scorpions that were active
at the immediate temperatures.
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Certain adaptive behaviors, such as basking, hiding or changing their
body orientation, are utilized by insects to help regulate their body
temperatures (Danks 2007). Scorpions have been observed to perform a
stilting movement. This is a cooling posture and is achieved through the
increased circulation around the body of the scorpions. Stilting can be
achieved by either fully lifting the body off the ground or just assuming a
resting pose (Alexander & Ewer 1957). Inactivity can also conserve water
(Danks 2007). This could possibly explain why the scorpions assume a
waiting posture at all temperatures for all the size classes of scorpions
(Figure 13). This might help to preserve body hydration for these scorpions
especially in the dry environment of the Tamaulipan Biotic region. With
warmer temperatures, there is also an increase in water loss which might
lead to the desiccation. Likewise, an increase in body temperature can cause
dehydration in C.vittatus scorpions. However, these scorpions were also
observed to sprint faster and deliver more accurate stings with warmer body
temperatures. It has been suggested that faster sprinting means a lowered
risk of predation (Carlson & Rowe 2009). For this study, results suggest the
possibility of activity increased as the temperatures also increased. The
increased temperatures might allow for a more successful foraging and
lessen the risk of predation for these scorpions because of their faster
movement, as well.
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The foraging activity of scorpions increased significantly with an
increase in temperature (Figure 14 and Figure 15) for this study. The highest
frequency of scorpions were seen on vegetation at temperatures 25˚C and
below and the intermediate temperatures between 25˚C and 30˚C. The
lowest frequency of scorpions was seen on vegetation at temperatures 30˚C
and above. Similar results were seen for the ground microhabitat. Higher
temperatures above 30˚C showed a decrease in activity for these scorpions.
Perhaps this may also be due to not having that many field nights with
temperatures above 30˚C. The surfaces of the desert soil cools off quite
rapidly after sunset. There is a cooling dew point and scorpions could
possibly replenish their water needs by simply appearing on the surface
during the night (Hadley & Williams 1968).
Temperatures ranging between 20°C and 30°C yielded the highest
surface densities of C. vittatus found in Arkansas (Yamashita 2004) and
similarly for C. vittatus found in South Texas (McReynolds 2008, 2012). A
possible reason for the increased activity by all scorpions at higher
temperatures might be because of an increased availability of prey items.
Humidity can also affect the activity of scorpions. For most desert
scorpions, they are not found on the surface when conditions are not
favorable. Extremely high temperatures and very low humidity, which can
cause desiccation, are to be avoided (Polis & Farley 1980). However, for this
study, it contradicts that trend, as the active foraging of the scorpions
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showed a decrease as the humidity increased (Figure 16). Results show that
there was a high frequency of scorpions that were active at almost the whole
range of relative humidity. It illustrates a bifurcation of the data. Further
investigation should look at the combination of both temperature and
humidity and this might explain the bifurcation. Results of this study are
similar to the study done by Kaltsas et al. (2008) where the female
Mesobuthus gibbosus scorpions stayed near the entrance of their burrows
when the both the air temperature and humidity were high. The males
utilized the sit-and-wait foraging behavior when the temperature was high
but with low humidity. Meanwhile, the juveniles foraged with low
temperatures and high humidity conditions. The males and juveniles usually
do not meet and this can lower competition or cannibalism (Kaltsas et al.
2008). The C. vittatus scorpions might possibly be actively foraging at suboptimal humidity conditions to lessen the risk of predation and cannibalism.
A small chance of desiccation might be a trade-off that the scorpion is willing
to make if it means a lowered risk of predation, however, this was not
established for the size classes for this study.
The C. vittatus found in South Texas used different microhabitats and
exhibited different behaviors. Results indicate that their behavior was also
affected by temperature and humidity. Future research might focus on the
optimal temperature and humidity range for a more successful foraging, the
effect of both temperature and humidity on foraging behavior and surface

65

activity and whether cacti and other local vegetation are utilized by the
different size classes of scorpions for specific reasons.
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